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ABSTRACT
Freshwater streams and rivers are known pathways of microplastics, and account for
between 1.14 and 2.4 million tons of plastics that end up in oceans. Among these microplastics
are synthetic microfibers, which can shed directly from clothing or break off from larger pieces
of plastic. Microfiber durability and small size makes particles difficult to remove and increases
the likelihood of harming aquatic organisms. Despite their prevalence in waterways, few studies
have been conducted regarding the impact of microplastic materials on freshwater ecosystems.
The aim of this study was to determine the presence and pervasiveness of microfiber particles in
Quebrada Cuecha and Quebrada Máquina in Monteverde. In Quebrada Cuecha, I tested
microfiber density in relation to a potential source of pollution. In Quebrada Máquina I tested
microfiber density in relation to elevation. Surface samples and net samples of microplastics
were collected using a 10 mL vial and a 500 µm mesh net. Microplastics, all of which were
microfibers, were observed in 66 out of 70 samples. The Monteverde Cheese Factory might have
a significant impact on the concentration of microfibers in Quebrada Cuecha, and microfiber
concentration in relation to elevation is not significant in Quebrada Máquina.
Densidad de Microfibras en Relación a Elevación y a Fuente de Contaminación en Dos
Quebradas en Monteverde, Costa Rica.
RESUMEN
Las quebradas y ríos son vías conocidas de microplásticos y representan entre 1,14 y 2,4
millones de toneladas de plásticos que terminan en los océanos. Entre estos microplásticos se
encuentran microfibras sintéticas, que pueden desprenderse directamente de la ropa o de piezas
de plástico más grandes. La durabilidad de la microfibra y su tamaño pequeño hace que las
partículas sean difíciles de eliminar y aumenta la probabilidad de dañar organismos acuáticos. A
pesar de su prevalencia en las vías fluviales, se han realizado pocos estudios sobre el impacto de
los microplásticos en los ecosistemas de agua dulce. El objetivo de este estudio fue determinar la
presencia y la frecuencia de partículas de microfibras en Quebrada Cuecha y Quebrada Máquina
en Monteverde. En Quebrada Cuecha, determiné la densidad de microfibras en relación con una
posible fuente de contaminación. En Quebrada Máquina estudié la densidad de microfibras en
relación con la elevación. Colecté muestras de superficie y muestras a mayor profundidad de
microplásticos utilizando un vial de 10 ml y una red de malla de 500 μm. Encontré
microplásticos, todos los cuales eran microfibras, en 66 de 70 muestras. La Fábrica de Quesos
Monteverde pareciera tener un impacto significativo en la concentración de microfibras en
Quebrada Cuecha, y la concentración de microfibras en relación con la elevación no es
significativa en Quebrada Máquina.
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Of the 275 million metric tons (MT) of plastic waste produced by 192 coastal countries in
2010, between 4.8 to 12.7 million MT has entered marine ecosystems (Jambeck, 2015). Once
larger pieces of plastics enter the ocean, environmental exposure breaks them down into
microplastics, defined in this study as plastic fragments 5mm or less in size (Andrady, 2011).
Nearly 80% of the microplastics that end up in the ocean microplastics originate from land
(Jambeck, 2015), with freshwater channels accounting for nearly two million tons of the debris
that enters the ocean (Lebreton, 2017). Because of the composition and long lifespan of
microplastics, they are incredibly durable. This, in conjunction with their small size, makes
microplastics difficult to remove from their surroundings and almost impossible to trace back to
their initial source (Jambeck, 2015). As a result of production and waste mismanagement,
microplastics are rapidly accumulating in our oceans and have the potential to harm a variety of
organisms.
Microplastics, including microfibers, absorb toxic chemicals, like polychlorinated
biphenyls (PCBs) and Dichlorodiphenyltrichloroethane (DDTs) (Hirai, 2011). Due to the size of
microplastics, both large and small aquatic organisms are able to ingest these particles
(Goldstein, 2013). If the ingested particles are not immediately toxic to the organism, they will
remain within the organism’s digestive tract, leeching whatever chemicals the microplastic has
previously absorbed from the environment. As larger organisms consume smaller aquatic
organisms, microplastics in a given system begin to accumulate (Rochman, 2013). This
bioaccumulation can affect human populations if the organism affected by the persistent organic
pollutants is consumed.
Despite the growing awareness surrounding microplastics in marine environments, little
is known about the effect of microplastics on freshwater ecosystems (Rochman, 2018).
Freshwater rivers and streams are the dominate pathway for microplastic dispersal into oceans.
The proximity of water to points of contamination, size of each body of water, and altitudinal
differences, can affect the concentration and movement of microplastics between freshwater and
saltwater systems (Eerkes-Medrano, 2015). Knowing that freshwater rivers and streams act as
one of the dominant pathways for microplastics dispersal into oceans, it is beneficial to study the
streams of Monteverde, Costa Rica to investigate the presence and prevalence of microplastics
on and below the water surface. The local waterways of Monteverde are exposed to various
levels of pollution including roadways, private houses, and businesses such as the Monteverde
Cheese Factory and El Establo Hotel. Being in such close proximity to so many potential sources
of pollution, the streams of Monteverde have the ability to carry a significant amount of
microplastic pollution to larger tributaries, and eventually the Golfo de Nicoya and Pacific
ocean. The purpose of this study is to address two questions. Does the proximity of the
Monteverde Cheese Factory to the river have a significant impact on the concentration of
microfibers present in Quebrada Cuecha? and does elevation have a significant effect on the
concentration of microfibers present in Quebrada Máquina?
MATERIALS AND METHODS
Natural History
Quebrada Cuecha and Quebrada Máquina are two freshwater streams in Monteverde,
Costa Rica. Quebrada Cuecha (Fig. 2) runs past the Monteverde Cheese Factory, and does not
experience a large change in elevation. This stream is surrounded by houses, roads, and other
businesses, all of which can act as potential sources of microplastic pollution. Quebrada Máquina
(Fig. 3) is a stream that originates from a high elevation spring. This stream experiences a large
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change in elevation, and runs downhill past the Biological Station. It eventually intersects with
the larger Quebrada Máquina. At lower Quebrada Máquina, there is a larger concentration of
houses than at upper Quebrada Máquina. The differences in pollution sources around each
stream and elevation make Quebrada Máquina and Quebrada Cuecha very different study sites.
The large change in elevation in Quebrada Máquina makes it a optimal stream to test how
elevation affects microfiber density. The proximity of the Monteverde Cheese Factory to
Quebrada Cuecha makes it an optimal stream to test how a possible source of pollution affects
microfiber density.
Quebrada Cuecha
I collected microplastic fibers at two separate streams, Quebrada Cuecha and Quebrada
Máquina from 12 May 2018 to 26 May 2018. At Quebrada Cuecha I took six samples upstream
of the bridge, which I defined as point zero, and eight samples downstream of the bridge (Fig. 2).
To determine each sample location, I started at the bridge and marked every 25m in distance,
both upstream and downstream with flagging tape, for a total of six upstream points and 8
downstream points. To collect microplastic fibers at a sample location, I located the flagging and
found the nearest dip in the stream. I did this to ensure that the stream water was moving and not
stagnant, so that an adequate amount of water would flow through the net during the duration of
the collection time. After finding an appropriate spot, I took a surface sample by slightly
submerging a 10 mL vial in the flowing water. Once the vial was completely full, I replaced the
cap immediately to prevent possible contamination. After taking the surface sample, I also
collected a net sample.
I collected the net sample by completely submerging the 500 µm mesh net in same spot I
had taken the surface sample. Completely submerging the net ensured that any fibers collected in
the net sample were subsurface plastics, and different from the surface sample. I kept the net
submerged for a total of five minutes to collect any microplastics and sediment that were being
moved downstream by the flowing water. After five minutes, I removed the net from the water
and used a 10 mL vial to collect approximately 1 mL of the contents collected in the net. I did
this by scraping the lip of the vial across the inside of the mesh so that water and sediment would
run into the vial. After collecting 1 mL of water and sediment, I immediately capped the sample
to prevent outside contamination. At the end of each net sample, I turned the net inside out and
rinsed away any remaining sediment to ensure that the next test location would not be
contaminated by any microplastics remaining from the last location. Lastly, I took coordinate
and altitude readings at the sample site using a GPSMAP 64. I repeated this procedure at each of
the 15 spots, including point zero, for a total of 15 surface samples and 15 net samples.
Quebrada Máquina
For Quebrada Máquina, I marked 10 sample locations at the top of the stream, and 10
sample locations at the base of the stream (Fig. 3). I began at the highest elevation point and
marked a sample site every 5m change in elevation. From here, I moved downstream and marked
9 additional sample sites approximately every 5m change in elevation. For the lower section, I
began where the stream joined the larger Quebrada Máquina, and marked this as the first point in
my sample sites. After this point I began moving upstream and designated 9 more sample sites
approximately every 5m change in elevation. After designating each site, I took surface and net
samples using the same method as the Quebrada Cuecha site. The only variation in methodology
was changing the time the net was submerged from five minutes to 2.5 minutes. Once I collected
the surface and net samples, I took coordinate and altitude readings using the GPSMAP 64. I
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repeated this procedure for each of the 20 sample sites along Quebrada Máquina for a total of 20
surface samples and 20 net samples.
To analyze the samples collected, I used a gridded petri dish with 81 squares, each
roughly 75.7 mm2 in area. I poured the contents of one 10 mL tube into the gridded petri dish,
and then used a pipette to rinse the inside of the tube and lid to ensure that none of the collected
sediment was left behind. To correctly identify microplastics, I followed the Hidalgo-Ruz rules
(Hidalgo-Ruz, 2012), and the Guide to Microplastic Identification (Barrows, 2017) created by
the Marine & Environmental Research Institute (MERI). My primary method of identification
involved using a dissecting microscope to go over the entire dish in a snake-like pattern, and
methodically going through each square. If I was unsure if a fiber was plastic or not, I replated it
on a microscope slide and looked at it under a compound microscope, to determine whether the
composition of the piece was organic or not. If after this I was still unsure, I heated up the tip of
a needle with a lighter, and touched the tip of the needle to the piece in question. If the particle
was plastic, the heat of the needle warped the plastic. If the piece was not plastic the shape of the
particle remained unchanged. I counted every plastic fiber found as one, regardless of size and
shape, and recorded in a table that organized fibers found by color. I collected a total of 70
samples and used this methodology for both surface and net samples. I ran a t-test to compare the
number of microplastics found before the Monteverde Cheese Factory to the number of
microplastics found after the factory. I ran a regression analysis to compare the amount of
microplastics found at different elevations at upper Quebrada Máquina. Finally, I ran a chisquared test to compare the number of transparent microfibers found to the other colors of
microfibers found at Quebrada Máquina.
RESULTS
Quebrada Cuecha
I found microplastics, specifically microfibers, (Fig. 1) in 66 of the 70 total samples
taken at Quebrada Cuecha and Quebrada Máquina. In the samples taken at Quebrada Cuecha, the
net samples with the highest number of microfibers were found 25m and 100m downstream (Fig.
3). The surface sample with the highest number of microfibers found also coincides with the
sample site 100m downstream. The concentration of microfibers collected after the Monteverde
Cheese Factory is significantly higher from the concentration recorded before the factory (Fig 5,
(t(13)= -2.7, p = .02)).
Quebrada Máquina
In the samples taken at upper Quebrada Máquina, the highest concentration of
microfibers for both net and surface samples is found at 1504m in elevation (Fig. 6). In the
samples taken at lower Quebrada, the highest concentration of microfibers for net samples is
found at 1387m, and the highest concentration of microfibers for surface samples is found at
1392m in elevation (Fig. 8). There is no significant relationship between the altitude and number
of microfibers found in upper Quebrada Máquina (Fig. 7). The elevational difference in lower
Quebrada Máquina was not high enough to test against microfiber density.
Figures 9 shows the proportion of different colored microfibers found in both surface and
net samples collected at upper and lower Quebrada Máquina. There are significantly more
transparent microfibers found in upper and lower Quebrada Máquina (45%) compared to other
colors (𝜒2 =0.4, df=6, p<0.01). Black fibers made up 20%, dark blue fibers made up 16%, and
light blue fibers made up 15% of the total microfibers collected.
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Figure 1. A picture taken at 4x magnification using a dissecting microscope. Seen here, a dark blue microfiber is
floating on the surface of the sample.

Figure 2. Overhead view of the Quebrada Cuecha and the six upstream and eight downstream sample points. Each
sample site is roughly 25m apart from each other. The rightmost point circled shows the site 25m downstream from
the bridge and the leftmost point circled shows the site 100m downstream. Both sites showed a large concentration
of microplastic fibers.
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Figure 3. Overhead view of both the upper and lower Quebrada Máquina test sites, each of which have 10 test sites
with a roughly 5m change in elevation between each point. The El Establo Hotel and Biological Station are circled
to indicate possible sources of pollution for upper Quebrada Máquina.

Figure 4. The number of surface microfibers collected at each of the fifteen sample sites along Quebrada Cuecha
using a 10 mL vial is shown in orange. The number of microfibers collected at each sample site using a completely
submerged 500 µm mesh net is shown in blue. The samples are arranged starting upstream and moving downstream,
with increments of 25m between each sample site.
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Figure 5. The difference in total microfiber concentration before and after the cheese factory was statistically
significant (t(13)= -2.7, p = 0.02).

Figure 6. The number of microfibers collected at each of the ten sample sites in upper Quebrada Máquina. The
surface microplastics collected are shown in orange. The subsurface microplastics collected with a 500 µm mesh net
are shown in blue. The samples are arranged in order from high to low elevation.
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Figure 7. The relationship between microfiber density and elevation was not significant for upper Quebrada Cuecha.

Figure 8. The number of microfibers collected at each of the ten sample sites in lower Quebrada Máquina. The
surface microplastics collected are shown in orange. The subsurface microplastics collected with a 500 µm mesh net
are shown in blue.
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Figure 9. Distribution in the number of different colored microplastics collected for upper and lower Quebrada
Máquina. The number of surface and subsurface microplastics collected from both upper and lower Quebrada
Cuecha has been combined and arranged according to color.

DISCUSSION
Quebrada Cuecha
Among the net samples taken at Quebrada Cuecha, samples taken at sites 25m and 100m
downstream had the highest microfiber concentrations (Figure 5). The site 25m downstream is
immediately after the Monteverde Cheese Factory and bridge, both of which could account for
the spike in microplastic fibers found. The Monteverde Cheese Factory has visible pipes leading
to the river. I do not know whether these pipes are actively used to dispose of waste. However,
the plastic pipes themselves have the potential to break down into smaller plastics as a result of
environmental exposure. On the stream bank adjacent to the factory, there is also a large amount
of plastic packaging directly from the factory. Both types of waste mismanagement have the
potential to result in degradation of plastic products, and release microfibers into the surrounding
area. The site 100m downstream is immediately after the Rio Chante cultural center, where both
community events and private activities have the potential to the increase the concentration of
microfibers in the water. Among the surface samples taken at Quebrada Cuecha, the sample with
the highest number of microfibers found also coincides with the site 100m downstream, after the
Rio Chante community center. The high concentration of microplastics in both surface and net
samples here could indicate an accumulation of microfibers from upstream sources of pollution.
Quebrada Máquina
Net and surface samples at 1504m in elevation in upper Quebrada Máquina have the
highest microfiber concentrations (Figure 6). This site is the last sample location of upper
Quebrada Máquina and has the lowest elevation. There is no significant difference between
elevation and microfiber density in upper Quebrada Máquina. However, it is possible that the
proximity of other potential sources of pollution, like El Establo Hotel, the Biological Station,
and the T.V towers, could have affected the concentration of microfibers found in upper
Quebrada Máquina.
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For lower Quebrada Máquina, the surface sample with the highest concentration of
microfibers was taken at 1392m in elevation, and the net sample with the highest concentration
of microfibers was taken at 1387m in elevation. For all samples taken at lower Quebrada
Máquina, there is a large increase in microplastic concentration compared to the samples taken at
upper Quebrada Máquina (Figure 7). This is most likely due to the larger concentration of
houses at the base of the stream. Along with other practices that create microplastic waste,
washing clothes is a primary producer of microfibers, with each article of clothing releasing
>1900 fibers every wash (Browne, 2011). Whether clothes are washed by hand or with a
machine, this produces domestic wastewater, also known as greywater. This wastewater is not
disposed of properly in most of Monteverde, and is instead released straight into the environment
(Dallas, 2004). Uncontained, the greywater with microplastics is free to seep into groundwater or
flow into any of the surrounding waterways.
When comparing the difference in microplastic concentration in relation to the change in
elevation between upper and lower Quebrada Máquina, the results were not significant. This is
surprising because one would expect a lower level of microplastics higher upstream, where there
are fewer sources of pollution. Instead, these results imply that there is a constant source of
pollution upstream, enough that the stream is not readily able to flush out microfibers from
higher elevations. Possible sources of pollution range from the T.V towers located further up the
ridge, or the El Establo Mountain Hotel, which burns much of its waste at a location upstream of
Quebrada Máquina (M. Hidalgo, pers.comm). Many studies have documented the release of
PCBs and hazardous halogens into the atmosphere when plastic materials are burned (Verma,
2016). However little is known about whether burning plastic materials can release microplastic
particles into the surrounding atmosphere. If further studies were to be done, it would be
interesting to test microplastic concentration in areas near freshwater channels where plastic
materials are regularly burned.
Finally, transparent plastics were the most common, making up almost 45% of the 325
total fibers collected. This implies that there could be a significant source of pollution producing
a disproportionately large amount of transparent fibers in the surrounding area. Alternatively the
transparent fibers could be previously colored fibers that have been discolored as a result of
weathering and photodegradation, or the alteration of materials through UV light (Yousif, 2013).
The latter implies that microfibers are not regularly transported out of the stream and the
surrounding area. Instead, microfibers are remaining in the stream long enough for their color to
degrade away. If there are harmful chemicals in the streams, these fibers could have a higher
concentration of these chemicals than their colored counterparts (Hirai, 2011). It would be
interesting to test the chemical makeup of the transparent plastics against the colored plastics to
see if the transparent plastics are coming from a single pollution source, or are older
microplastics that have remained in the river.
As a result of the small size and durability of microplastics, it is nearly impossible to
remove them once they have reached the ocean (Goldstein, 2013). In the ocean, microplastics
can absorb harmful compounds, hurting human and non-human consumers (Rochman, 2013). As
of now, the only method for reducing the density of microplastics in our oceans is to reduce the
use of single use plastics and improve waste management practices. In order to implement these
practices, one must understand that one of the dominant ways microplastics disperse into marine
environments is through freshwater waterways. With this knowledge, measures can be taken to
reduce potential pollution sources. One way to make a big impact is by investing in reusable
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containers, avoiding single use plastics, and choosing fabrics made out of a polyester-cotton
blend, which shed 87 fibers/m-2/L-1 per wash, instead of polyester-fleece fabrics which shed
7360 fibers/ m-2/L-1 per wash (Almroth, 2017). Actively making individual decisions to reduce
daily plastic usage can help decrease the influx of microplastics into freshwater and saltwater
systems.
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